The donor doping process at the interface between the cation-deficient La 0.56 Li 0.33 TiO 3 and lithium was elucidated by x-ray photoelectron spectroscopy ͑XPS͒ and secondary ion mass spectroscopy ͑SIMS͒. XPS revealed a chemical shift ͑ϳ1.48 eV͒ from the main peak of Ti 4+ 2p 3/2 toward the low energy side, due to the conversion of 12% Ti 4+ The suggested conversion of Ti 4+ electronic structure to a lower valence of +3 in the chemical interfacial instability between LLT and metallic lithium is believed to be the same as that in electrochemical instability. This conversion has been rationalized by the classical sense or understood based on evidence of raised electronic conductivity 2 and other indirect support of the lattice's self-potential, the site potential, and the lattice energy calculation.
The donor doping process at the interface between the cation-deficient La 0.56 Li 0.33 TiO 3 and lithium was elucidated by x-ray photoelectron spectroscopy ͑XPS͒ and secondary ion mass spectroscopy ͑SIMS͒. XPS revealed a chemical shift ͑ϳ1.48 eV͒ from the main peak of Ti 4+ 2p 3/2 toward the low energy side, due to the conversion of 12% Ti 4+ to Ti 3+ . The SIMS analysis indicates that a local electric field was responsible for the insertion of oxidized 6 Li + isotope ions. Most studies in this field have focused on the electrochemical stability/instability of LLT when an electrochemical method is used to intercalate Li + ions into LLT. [3] [4] [5] The suggested conversion of Ti 4+ electronic structure to a lower valence of +3 in the chemical interfacial instability between LLT and metallic lithium is believed to be the same as that in electrochemical instability. This conversion has been rationalized by the classical sense or understood based on evidence of raised electronic conductivity 2 and other indirect support of the lattice's self-potential, the site potential, and the lattice energy calculation. 5 However, actual scientific evidence of the chemical instability between LLT and metallic lithium is lacking.
This work identifies the mechanism of interfacial instability between cation-deficient La 0.56 Li 0.33 TiO 3 and metallic lithium at RT using x-ray photoelectron spectroscopy ͑XPS͒ and secondary ion mass spectroscopy ͑SIMS͒, and clarifies a metallic-lithium-activated donor doping process on the La 0.56 Li 0.33 TiO 3 surface. The results provide a better understanding than the classical sense in this area, and support an improved approach for enhancing the semiconductivity of oxides.
The 11% La 3+ /Li + -site vacant La 0.56 Li 0.33 TiO 3 ͑x = 0.11 in LLT͒ powder was prepared by a solid state reaction method. The stoichiometric powders of La 2 O 3 ͑99.99% purity͒, Li 2 CO 3 ͑99.4% purity͒, and TiO 2 ͑Ͼ99% purity͒ were calcined at 1200°C for 12 h in air. The samples were sintered at 1250°C for 8 h. Prior to reaction with metallic lithium, the surfaces of the samples were polished with 0.3 m diamond pastes. Then, the lithium foil was pressed onto the polished surface of the sample and held for 24 h in argon at RT. XPS characterization was conducted using an ES-CALAB 250 spectrometer with an Al target. The energy resolution reached up to 20 meV. Moreover, the binding energy scale was calibrated by a C 1s peak at 285.00 eV. Atomic analysis was performed by using an IMS-4f mass spectrometer to give the elemental depth profiles by O 2 + ion bombardment.
Curve 1 in Fig. 1͑a͒ is the La 3d core spectrum of the La 0.56 Li 0.33 TiO 3 sample before it reacted with lithium. Spinorbital splittings of La 3d 5/2 and La 3d 3/2 are observed at binding energies of 834.97 and 851.24 eV, respectively, caused by La 3+ . 6 The satellite lines at high binding energy are separated from the main peaks of the 3d 5/2 and 3d 3/2 levels by 4.42 and 4.45 eV, respectively. These results are due to monopole excitation caused by a sudden change in the screening of the valence electrons upon the removal of a core electron. 7, 8 Curve 2 in Fig. 1͑a͒ Figure 2͑a͒ displays the XPS spectra of the Ti 2p core levels before ͑curve 1͒ and after ͑curve 2͒ the reaction of the La 0.56 Li 0.33 TiO 3 sample with metallic lithium. Curve 1 has a narrow Ti 4+ 2p 3/2 peak at a binding energy of 458.57 eV with a full width at half maximum ͑FWHM͒ of 1.18 eV. A small shoulder is present approximately 5.73 eV above the energy of the main peak, which corresponds to the Ti 4+ 2p 1/2 . Curve 2 in Fig. 2͑a͒ shows 10 Larger shifts of 3.1 and 4.0 eV are typically associated with Ti 2+ and Ti 0 states, 11 respectively, but they are not observed in Fig. 2͑a͒ . Accordingly, trivalent defects can be determined to be the only contributors to Ti 2p peak broadening; metallic lithium activates If only diffusion occurred over a long period at the interface between the reacting materials, then a plot of the diffused ion concentration against depth would be linear. Fitted line 1 in Fig. 3͑b͒ 
